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BACKGROUND OF THE INVENTTON 

5 1. Field of the Invention 

the invention relates to a cylinder block, cylinda: head, and engine main body of 
an engine. 

2. Description of the Related Art 

In a cylinder block of a gasoline engine or a diesel engine or the like, a water 

10 jacket for circulating coolant is formed around cylinders. As one example of a cylinder 
block construction in which a water jacket is formed around cylinders, Japanese Patent 
Laid-Open Publication No. 5-296103 (pages 2-3, FIG 1) discloses an engine in which a 
cylinder wall and a water jacket wall are integrally formed and a resin casing is then 
mounted to the water jacket wall. 

15 Also, Japanese Utility Model Publication SHO 63-98465 (pages 6-7, FIG 1) 
discloses an engine in which a water jacket forming plate is wrapped aioimd a cylinder 
uniblock in which a cylinder block and a cylinder head are integrally formed, and fixed 
from the outside by welding. 
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Further, Japanese Utility Model Publication SHO 61-76149 (pages 3-4, FIG 2) 
discloses a cylinder block in which an end portion of a cylinder liner has a unique shape, 
and in which an FRP liner outer wall portion is retained under pressure between the end 
portion of the cylinder liner portion and a crankshaft bearing portion. 

According to the art disclosed in Japanese Patent Laid-Open Publication No. 5- 
296103, however, when molding a water jacket in the cylinder block during casting, the 
25 portion of the die for molding the water jacket must be made thin. In particular, when 
sufBcient cooling performance with coolant is obtained but it is not desirable to cool the 
cylinder more than necessary from the viewpoint of combustibility, or when considering 
size and weight reduction of the engine, it is necessary to mold a very thin water jacket. 

Accordingly, it is necessary to make the portion of the die which forms the water 
jacket extremely thin. When this portion of the die is thin, however, it tends to wear and 
damage easily, thus shortening the life of the die. In view of this, it is therefore necessary 
to make the portion of the die which forms the water jacket thick. Doing so, however, 
results in the molding a thick, or wide, water jacket, deorease in the degree of freedom of 
design in the width direction, and problems such as an increase in overall size of the engine. 
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and overcooling and overh^^g of the cylinders. 

With the construction disclosed in Japanese Utility Model Publication SHO 63- 

98465 it is not necessary to provide a thin portion of the die for forming the water jacket. 

Rather, a thin water jacket forming plate is wrapped around a cylinder uniblock. Because 
5 the water jacket forming plate is thin, however, it tends to deform easily, which may 

change the width of the water jacket in the cylindw uniblock. In particular, as described 

above, when sufBcient cooling p^ormance with coolant is obtained but it is not desirable 

to cool the cylinder more than necessary from the viewpoint of combustibility, or when 

considering size and weight reduction of die engine, it is necessary to mold a very thin 
10 water jacket With an extremely thin water jacket, however, even a slight deformation 

changes the flow of the coolant, reducing cooling p^ormance and causing hot spots and 

the like which may reduce the combtistion performance of the engine. 

Further, with the construction disclosed in Japanese Utility Model Publication 

SHO 63-98465, the water jacket is formed by welding with the water jacket forming plate 
15 in the cylinder uniblock in which the cylinder block and the cylinder head are integrally 

formed so it can not be applied to an ordinary engine in which the cylinder block and 

cylinder head are separate. 
nie problems with the art disclosed in Japanese Patent Laid-O pen Publication No. 

5-296103 and Japanese Utility Model Publication SHO 63-98465 also exist when forming 
20 the water jacket in the cylinder head, "^th the art disclosed in Japanese Utility Model 

Publication SHO 61-76149, it is not necessary to provide a thin portion in the die for 

forming the water jacket because the FRP liner outer wall portion is provided separately. 

However, because the FRP liner outer wall portion is retained under pressure by the end 

portion of the cylinder Uner portion, the cylinder liner portion is susceptible to stress that 
25 may deform the shape of the bore. Therefore, the fact that the~bore is susceptible to'' 

deforming if the cylinder liner portion is made thin to reduce the size and weight of the 

engine may inhibit size and weight reduction of the engine. 
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SUMMARY OF THE INVENTTON 

In view of the foregoing problems, this invention ttius provides a cylinder block, 
cylinder head, and engine main body in an engine in which the cylinder block and the 
cylinder head are molded s^arately, which can contribute to a reduction in size and weight 
of the engine by increasing the degree of freedom in design of a portion, which fomis a 
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water jacket. 




A first aspect of the invention relates to a cylinder block in which a water jacket is 
formed around a cylinder, and which, combined with a separate cylinder head, forms an 
engine main body, the cylinder block including i) a main body cylinder block which has a 
mounting surface and which defines a cylinder side of die watCT jacket, and ii) an outCT 
cylinder block which is molded separately from the main body cylinder block as a cylinder 
block portion which defines a side of the water jacket opposite the cylinder side, the outer 
cylinder block being arranged in a predetermined position so as to be on the mounting 
surface of the main body cylinder- block so as to define, together with the main body 
cylinder block, the water jacket, the outer cylinder block to be fixed in place while pressed 
between the cylinder head and the main body cylinder block while arranged in the 
predetermined position. 

According to this first aspect of the invention, the cylinder block is such that the 
main body cylinder block and the outer cylinder block are molded separately and sandwich 
the water jacket when assembled. Therefore, when molding each cylinder block portion, 
in particularly, when molding the cylinder block portions by casting, the portion of the die 
which molds the water jacket does not need to be made thin. That is, the die for the main 
_body_cylinderJ>lQck_need_onIyJmold_the-inside-surface-of-the-water-jaeket-so-the-die-ite^^ 
can be of sufBcient thickness irrespective of the acmal width of the water jacket. 

Similarly, with the outer cylinder block side, when casting, the die need only mold 
the outside surface of the water jacket so the die itself can be of sufficient thickness 
irrespective of the actual width of the water jacket. Because the outer cylinder block is on 
the other side of the water jacket firom the main body cylinder block in which the cylinder 
is formed, the outer cylinder block does not need to be as durable as the main body 
cylinder block with respect to heat or wear. Therefore, the outer cylinder block does not 
need to be cast, which obviates the problems with respect to die durability. 

Therefore, even if the width of the water jacket is designed to be narrow, the life 
of the die wiU not be reduced. Moreover, the end of the cylindo- portion of the main body 
cylinder block bears the pressure fix)m the cylinder head in the axial direction, but that 
pressure is also distributed to the outer cylinder block. As a result, the end of the cylinder- 
portion does not need to have a complex shape. Also, even if the wall of the cylinder 
portion is thin, the bore itself will not deform. Further, because the outer cylinder block is 
molded as a cylinder block portion, it resists deformation from external force, which 
prevents deformation of die coolant passage of the water jacket on the inside due to 
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external force. 

As a result, the degree of freedom in design of the portion forming the water 
jacket is increased. Accordingly, as described above, the water jacket and the cylinder 
portion can be made sufficiently thin, thus contributing a reduction in size and weight of 
5 the engine. 

In the first aspect of the invention, a positioning portion for determining a 
mounting position of the outer cylinder block with respect to the main body cylinder block 
may be formed on at least one of the main body cylinder block and the out^ cylinder block. 
As a result, the main body cylinder block and the outer cylinder block can be quickly and 
10 correctly fit together to form the cylinder block. 

Also, the outer cylinder block may be formed of resin or resin composite. That is, 
because the outer cylinder block is separated by the water jacket fi:t>m the main body 
cylinder block in which the cylinder is fonned, the outer cylinder block does not need to be 
as durable as the main body cylinder block with respect to heat or wear. Therefore, by 
15 forming the outer cylinder block out of resin or resin composite, it is possible to further 
reduce the weight and cost of the engine. 

Also, for the reason stated above, a wide range of mataial can be used to form the 
outer cylinder block. Accordin gly, the oute r cylinder block may he. fnrrrip^ of one or two 



or more niaterials selected from the group consisting of an aluminum alloy, a magnesium 
20 alloy, a resin, a resin composite, and a ceramic. 

Also, the main body cylinder block may be molded by casting using an aluminum 
alloy or a magnesium alloy. As a result, the weight of the engine can be reduced even 



more. 



Also, the main body cylinder block may have a cylinder liner cast into a bore 
25 portion of the main body cylinder block: As aT result, a thiii cylindCT linif "can"belised^ 
Typically a cylinder liner is made of a wear-resistant material such as an iron alloy which 
has a higher specific gravity than an aluminum alloy or a magnesium alloy, so by making 
the cylinder liner thin, the weight of the engine is able to be reduced. 

Also, a bore portion of the main body cylinder block may be treated sd as to be 
wear-resistant. Accordingly, because a cylinder liner does not need to be cast into the 
main body cylinder block, the weight of the engine is able to be reduced even more. 

A second aspect of the invention relates to a cylinder head in which a water jacket 
is fonned around a cylinder top portion, and which, combined with a separate cylinder 
block, forms an engine main body, the cylinder head including i) a main body cylinder 
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head which has a mountili^uface and which defines a cylinder to^^^tion side of the 
water jacket; and ii) an outer cylinder head which is molded separately fi-om the main body 
cylinder head as a cylinder head portion which defines a side of the water jacket opposite 
the cylinder top portion side, the outer cylinder head being arranged on' the niounting' 
5 surface of the main body cylinder head so as to define, together with the main body 
cylinder head, the water jacket, the outer cylinder head to be fixed in place while pressed 
between the cylinder block and the main body cylinder head while arranged on the 
mounting surface of the main body cylinder head so as to define, together with the main 
body cylinder head, the water jacket. 

10 According to this second aspect of the invention, the cylinder head is such that the 

main body cylinder head and the outer cylinder head are molded separately and sandwich 
the watCT jacket when assembled. Therefore, when molding each cylinder head portion, 
in particularly, when molding the cylinder head portions by casting, the portion of the die 
which molds the waterjacket does not need to be made thin. That is, the die for the main 

15 body cylinder head need only mold the inside surface of the water jacket so the die itself 
can be of sufBcient thickness irrespective of the actual width of the waterjacket. 

Similarly, with the outer cylinder head side, when casting, the die need only mold 

the outside surface of the water jacket s6_the_die_itself-can-be-of-sufficient-thiclcnRss- 

irrespective of the actual width of the waterjacket. Because the outer cylinder head is on 

20 the other side of the water jacket from the main body cylinder head in which the cylinder 
top portion is formed, the outer cylinder head does not need to be as durable as the main 
body cylinder head with respect to heat or wear. Therefore, the outer cylinder head does 
not need to be cast, which obviates the problems with respect to die durability. 

Therefore, even if the width of the waterjacket is designed to be narrow, the life 

25 of the die will not be reduced. Moreover, the end of the cylinder top portion of the main 
body cylinder head bears the pressure from the cylinder block in the axial direction, but 
that pressure is also distributed to the outer cylinder head. As a result, the end of the 
cylinder top portion does not need to have a complex shape. Also, even if the wall of the 
cylinder top portion is thin, the cylinder top portion itself will not deform. Further, 

30 because the outer cylinder head is molded as a cylinder head portion, it resists deformation 
fitim external force, which prevents deformation of the coolant passage of the waterjacket 
on the inside due to external force. 

As a result, the degree of fi'eedom in design of the portion forming the water 
jacket is increased. Accordingly, as described above, the waterjacket and the cylinder top 
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portion can be made suffi^^y thin, thus contributing a reduction il^^le and weight of 
the engine. 

In the second aspect of the invention, a positioning portion for determining a 
mounting position of the outer cylinder head with respect to the main body cylinder head 
may be formed on at least one of the main body cylinder head and the outer cylinda" head. 
As a result, the main body cylinder head and the out&r cylinder head can be quickly and 
correctly fit together to form the cylinder head. 

Also, the outer cylinder head may be formed of resin or resin composite. That is, 
because the outer cylinder head is separated by the water jacket from the main body 
cylinder head in which the cylinder top portion is formed, the outer cylinder head does not 
need to be as durable as the main body cylinder head with respect to heat or wear. 
Therefore, by forming the outer cylinder head out of resin or resin composite, it is possible 
to furtho* reduce the weight and cost of the engine. 

Also, for the reason stated above, a wide range of material can be used to form the 
outer cylindCT head. Accordingly, the outer "cyUndCT head may be formed of one or two or 
more materials selected fix>m the group consisting of an aluminum alloy, a magnesium 
alloy, a resin, a resin composite, and a ceramic. 

Also,jdte-mainJbQdy_c_ylinder_head_may_be-molded-by_casting-using-an-alm 



alloy or a magnesium alloy. As a result, the weight of the engine can be reduced even 
more. 

A third aspect of the invention relates to an engine main body which includes a 
cylinder block in which a water jacket is formed around a cylinder, and a cylinder head in 
which the water jacket is formed around a cylinder top portion, the engine main body 
including i) a main body cylinder block which has a mounting surface and which defines a 
cylinder side of the water jacket; iiXa^iinain body cylinder head whichTorms a cylincJef top" 
portion side of the water jacket; and iii) an outer cylinder block which is molded separately 
fix)m the main body cylinder block and the main body cylind^ head as a cylinder block 
portion which defines a side of the water jacket opposite the cylinder side and the cylindo- 
top portion side, the outer cylinder block being arranged in a predetermined position so as 
to be between the mounting surface of the main body cylinder block and the moimting 
surface of the main body cylinder head so as to define, togetfaor with the main body 
cylinder block and the main body cylinder head, the water jacket, the outer cylinder block 
being fixed in place while pressed between the main body cylinder block and the main 
body cylindCT head while arranged in the predetermined position. 
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According to thii 




aspect of the invention, the engine m! 



ody is such that 



the main body cylinder block, the main body cylinder head, and the outer cylinder block 
are molded separately and sandwich the water jacket when assembled. Therefore, when 
molding each portion, in particularly, when molding the each portion by casting, the 



the inside surface of the water jacket so the die itself can be of sufficient thickness 
irrespective of the actual width of the water jacket. 

Similarly, with the outer cylinder block side, when casting, the die need only mold 
the outside surface of the water jacket so the die itself can be of sufficient thickness 
irrespective of the actual width of the watCT jacket. Because the outer cylinder block is on 
the other side of the water jacket from the main body cylinder block and the main body 
cylinder head which form the cylinder and the cylinder top portion, the outer cylinder 
block does not need to be as durable as the main body cylinder block and the main body 
cylinder head with respect to heat or wear. Therefore, the outer cylinder block does not 
need to depend on casting, which obviates the problems with respect to die durability. 

Therefore, even if the width of the water jacket is designed to be narrow, the life 
of the die will not be reduced. Moreover the ends of the c ylinder of the mam hnrly 
cylinder block and the cylinder top portion of the main body cylinder head each bear the 
pressure from the other in the axial direction, but that pressure is also distributed to the 
outer cylinder block. As a result, the end of the cylinder and the end of the cylinder top 
portion do not need to have a complex shape. Also, even if the wall of the cylinder and 
the cylinder top portion is thin, the bore itself will not deform. Further, because the outer 
cylinder block is molded as a cylinder block portion, it resists deformation from external 
force, which prevents deformation of the coolant passage of the water jacket on the inside 
due to external force. 

As a result, providing the outer cylinder block increases the degree of freedom in 
design on the main body cylinder block side and the main body cylinder head side which 
together form the water jacket. Accordingly, as desaibed above, the water jacket, 
cylinder, or cylinder top portion can be made sufficiently thin, thus contributing a 
reduction in size and weight of the engine. 

In the third aspect of the invention, .a positioning portion for det^mining a 
mounting position of the outar cylinder block with respect to the main body cylinder block 
may be formed on at least one of the main body cylinda: block and the outer cylinder block. 



portion of the die which molds the water jacket does not need to be made thin. That is, 
the die for the main body cylinder block and the main body cylinder head need only mold 
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As a result, the main 



bod' 




ider block and the outer cylinder, bloc] 



m 



be quickly and 



correctly fit together to form the cylinder block. Further, the engine main body can be 
formed by fixing the outer cylinder block in place while pressed between the main body 
cylinder block and the main body cylinder head. 

Also, the outer cylindw block may be formed of resin or resin composite. That 
is, because the outer cylinder block is separated by the water jacket fi-om the main body 
cylinder block and the main body cylinder head which form the cylinder and the cylinder 
top portion, the outer cylinder block does not need to be as durable as the main body 
cylinder block and the main body cylind^ head with respect to heat or wear. Tho-efore, 
by forming the outer cylinder block out of resin or resin composite, it is possible to further 
reduce the weight and cost of the engine. 

Also, for the reason stated above, a wide range of material can be used to form the 
outer cylinder block. Accordingly, the aut&r cylinder block may be formed of one or two 
or more matmals selected from the group consisting of an aluminum alloy, a magnesium 
alloy, a resin, a resin composite, and a ceramic. 

Also, the main body cylinder block may be molded by casting using an aluminum 
alloy or a magnesium alloy. As a result, the weight of the engine can be reduced even 
more. 

Also, the miain body cylinder block may have a cylinder liner cast into a bore 
portion of the main body cylinder block. As a result, a thin cylindra: liner can be used. 
Typically a cylinder liner is made of a wear-resistant material such as an iron alloy which 
has a higher specific gravity than an aluminum alloy or a magnesium alloy, so by making 
the cylinder liner thin, the weight of the engine is able to be reduced. 

Also, a bore portion of the main body cylind^ block may be treated so as to be 
wear-resistant. - Accordingly, because a cylinder~liner"does hot need~to~be^ciaist into'^tfae' 
main body cylinder block, the weight of the engine is able to be reduced even more. 

Also, the main body cylinder head may be molded by casting using an aluminum 
alloy or a magnesium alloy. As a result, the weight of the engine can be reduced further. 

Also, the outCT cylinder block may be fastened in place between the main body 
cylinder head and the main body cylinder block with a fastening bolt. As a result, the 
outer cylinder block is fixed in place while pressed between the main body cylinder head 
and the main body cylinder block. 

A fourth aspect of the invention relates to an engine main body that uses any one 
of the cylindra* blocks according to the first aspect of the invention and a cylinder head. 
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with the outer cylinder bl^j^hxed between the main body cylinder of the cylinder 

block and the cylinder head with a fastening bolt. As a result, the engine main body is 
formed with the outer cylinder block fixed in place while pressed between the cylinder 

head and the main body cylinder block. . . 

5 Also, a sealing material or welding may be used to seal between the main body 

cylinder block and the outer cylinder block. Using this construction prevents coolant 
from leaking from the water jacket. 

A fifth aspect of the invention relates to an engine main body that uses any one of 
the cylinder heads according to the second aspect of the invention and a cylinder block, 
10 with the outer cylinder block fixed between the cylinder block and the cylinder head of the 
main body cyhnder head with a fastening bolt. As a result, the engine main body is 
formed with the outer cylinder block fixed in place while pressed between the main body 
cylinder head and the cylinder block. 

Also, a sealing material or welding may be used to seal between the main body 
15 cylinder head and the outer cylinder head. Using this construction prevents coolant fix>m 
leaking from the water jacket. 

A sixth exemplary embodiment of the invention relates to an engine main body 
which includes a cylinder block in which a water jacket is formed around a cylinder, and a 
cylinder head in which the water jacket is formed around a cylinder top portion, the engine 
20 main body including i) a cylinder block which defines a cylinder side of the water jacket; 
ii) a main body cylinder head which has a mounting surface and which defiuoes the cylinder 
top portion side of the water jacket; and iii) an outer cylinder head which is molded 
separately from the main body cylinder head as a cylinder head portion which defines a 
side of the water jacket opposite the cylinder side, the outer cylinder head being arranged 
25 in a predetermined position so as to be on the mounting surface of the main body cylinder 
head so as to define, together with the main body cylinder block and the main body 
cylinder head, the water jacket, the outer cylinder head being fixed in place while pressed 
between the cylinder block and the main body cylinder head while airanged in the 
predetermined position. 



BRffiF DESCRIPTTONr OP THE DR AWTNns 

FIG 1 is a perspejctive view showing an engine main body according to one 
exemplary embodiment of the invention. 
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FIG 2 is an expIo^^|)erspective view of the engine main bojf^^ 
FIG 3 is a perspective view of a cylinder block according to the first exemplary 
embodiment of the invention. . _ ----- 

FIG 4 is a plan view of the cylinder block. 

FIG 5 is a plan view of a main body cylinder block according to the first 
exemplary embodiment of the invention. 

FIG 6 is a partially fractured perspective view of the main body cylinder block. 

FIG 7A a perspective view of an outer cylinder block according to the first 
exemplary embodiment of the invention, and FIG 7B a perspective view of the outer 
cylinder block upside down. 

FIG 8A is a plan view of the outer cylinder block, FIG 8B is a front view of the 
outCT cylinder block, FIG 8C is a bottom view of the outer cylinder block, and FIG 8D is a 
right side view of the outer cylinder block. 

FIG 9 is a partially fractured perspective view of the out^ cylinder block. 

FIG 10 is a sectional view of the cylinder block cut along the axis of one of the 
cylinders. 

FIG 11 is a partially firactured perspective view of the engine main body cut 
between two of the cylinders. 

FIG 12 is a perspective view showing a cylinder block according to a second 
exemplary embodiment of the invention. 

FIG 13 is a partially fractured perspective view of an engine main body according 
to the second exemplary embodiment of the invention, cut between the cylinders. 

FIG 14 is a sectional view showing the engine main body cut along the axis of 
one of the cylinders 

FIG 15 is a sectional view of an engine main bodjT according to a third exen^lfflry 
embodiment of the invention, cut along the axis of one of the cylinders. 

FIG 16 is a sectional view of an engine main body according to a fourth 
exemplary embodiment of the invention, cut along the axis of one of the cylinders. 

FIG 17A is a sectional view showing one example of a seal construction in which 
a tapered surface is provided on the bottom surface of the outer cylinder block, and FIG 
17B is an explanatory view illustrating the state a liquid sealing mat^al retained on the 
tapered surface of the outer cylinder block shown in FIG 17A. 

FIG 18A is a sectional view illustrating one example of a modified shape of the 
mounting surface of the main body cylinder block or the main body cylinder head and the 
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bottom surface of the outi 




ider block or the outer cylinder headj 



m 



FIG. 18B is an 



explanatory view illustrating the main body cylinder head mounted to the main body 
cylinder block shown in FIG 18A. . - - - - .-. . - 

FIQ 19. is a sectional view showing an example of a closed deck." r... 



As a first exemplary embodiment of the invention, the perspective view of FIG 1 
shows the construction of an engine main body 2 of a four cylinder intonnal combustion 
engine to which the invention may be applied. This engine main body 2 is constructed by 



head 8 together, as shown in the exploded perspective view of FIG 2. 

The main body cylind^ block 4 and the outer cylinder block 6 are fit together, as 
shown in the perspective view of FIG 3 and the plan view of FIG 4, so as to form a 
cylinder block 10. 

The main body cylinder block 4 is integrally cast from an aluminum alloy or a 
magnesium alloy. The main body cylinder block 4 includes four cylindrical cylindos 12 
formed at an upper portion, a skirt 14 formed at a lower portion, and an outear wall 
mounting portion 16 formed between the cylinders 12 and the skirt 14. A plurality of ribs 
18 and 20 are provided on the outside of the skirt 14 and outer wall mounting portion 16 
for added strength. 

As shown in the plan view of FIG 5 and the sectional perspective view of FIG 6 
(cut along line VI- VI in FIG 5), a cylinder liner 22 (made of an iron alloy in this 
exemplary embodiment) is cast into a portion forming a bore on the inner peripheral side 
of each cylinder 12. A mounting surface 24 is formed around all of the cylinders 12 on 
the outer wall mounting portion 16. This mounting surface is perpendicular to the width 



direction of the cylinders 12. Further, bolt screw holes 26 are provided in ten locations in 
the mounting surface 24 around the cylinders 12. In addition, protruding knock pins 28 
are provided at two locations diagonal from each other on the mounting surface 24 for 
positioning the outer cylinder block 6. 

A perspective view of the outer cylinder block 6 is given in FIG 7A and FIG 7B, 
and four sides of the aater cylinder block 6 are shown in FIGS. 8A to 8D. FIG 7A is a 
normal perspective view and FIG 7B is a perspective view showing the outer cylind^ 
block 6 upside down. Also, FIG 8 A is a plan view, FIG 8B is a firont view, FIG 8C is a 



nPTAn Fn description of the preferred embodiments 



stacking a main body cylinder block 4, an outer cylinder block 6, a gasket 7, and a cylinder 
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Bliment the outer 



bottom view, and. FIG 8D 



right side view, hi this exemplary ei 




cylinder block 6 is a molded body of resin or resin composite (such as resin strengthened 
by fiber such as glass fiber or carbon fiber). Alternatively, the outer cyUnder block 6 may 
be integrally molded of an aluminum alloy, a magnesium alloy, or a c»:amic. 



FIG 6. This inner peiipheial surface 30 includes an upp^ inner peripheral surface 30a 
and a lower inner peripheral surface 30b. The lower inner peripheral surface 30b is 
molded so that it is closer than the upper inner peripheral surface 30a to the out^ 
10 peripheral surface 12a of the cylinders 12. 



block 6 and a bottom surface 34 is formed on the bottom end of the out^ cylinder block 6. 
Bolt through-holes 36 are provided in ten locations in the axial direction of the inner 
peripheral surface 30, which extend from the outer peripheral deck face 32 through to the 

15 bottom surface 34, as shown in the sectional perspective view of FIG 9 (cross-section IX- 
IX in FIG 8A). The locations of these bolt through-holes 36 corresponds to the ten bolt 
screw holes 26 provided in the main body cylinder block 4. Further, positioning holes 38 
into which the knock pins 28 provided on the main body cylinder block 4 side are inserted 
are provided in the bottom surface 34 in locations corresponding to the knock pins 28 on 

20 the main body cylinder block 4 side. The knock pins 28 and the positioning holes 38 
together correspond to a positioning portion. A metal sleeve may also be provided in the 
bolt through-holes 36. 

A plurality of ribs 40 and 42, as well as a coolant port 44 which allows coolant to 
flow into and out of the water jacket, are provided around the outer cylinder block 6. 

25 According to this constniction, the "iSaiH b6dy l:ylihdCT block 4 and Ihe' outer 

cylinder block 6 are fit together in correct alignrnent by the knock pins 28 on the main 
body cylinder block 4 side and the positioning holes 38 on the outer cylinder block 6 side, 
as shown in FIG 3. When they are assembled in this way, a water jacket SO is formed 
between the outer peripheral surface 12a of the cylinders 12 in the main body cylinder 

30 block 4 and the inner peripheral surface 30 of the outer cylinder block 6, as shown in FIG 
10. At this time, the width of the water jacket SO is wider on the upper inner peripheral 
surface 30a side of the inner peripheral surface 30 of the outer cylind^ block 6 than on the 
lower inner p^pheral surface 30b side ^ercof. An inner peripheral deck face 12b on the 
upper end of the cylinders 12 in the main body cylindra* block 4 and the outo* peripheral 



5 



The outer cylinder block 6 is molded in a circular shape having an inn^ peripheral 
surface 30 corresponding to an out^ peripheral surface 12a of the cylinders 12 shown in 



A flat outer poipheral deck face 32 is formed on the top end of the outer cylinder 
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deck face 32 on the^iipper ^^^f the outer cylinder block 6 are level or^{l:>st level. 

A liquid sealing material (such as a silicon sealing material) is applied beforehand 
to one or both of the bottom surface 34 of the main body cylinder block 4 and the bottom 
surface 34 of the outer cylinder block 6. As a result, between the main body cylinder 
block 4 and the outer cylind^ block 6 is sealed to prevent coolant firom leaking from the 
water jacket SO. Alternatively, a gasket may be used instead of the liquid sealing matted. 
Also, when the outer cylinder block 6 is made of a metal such as an aluminiim alloy or an 
magnesium alloy, welding (e.g., TIG welding, MIG welding, lasCT welding, friction 
(agitation) welding) may also be used for the purpose of providing a seal. That is, a 
boundary portion of the main body cylindw block 4 and the outer cylinder block 6 may be 
welded together firom the outside while the mounting surface 24 of the main body cylinder 
block 4 and the bottom surface 34 of the outer cylinder block 6 are in contact with one 
anoth^, as shown in FIG 10. 

After the inner peripheral deck face 12b and the outer peripheral deck face 32 
have been machined, the cylinder head 8 is fit on the cylinder block 10 which is an 
assembly of the main body cylinder block 4 and the outer cylinder block 6, as shown in 
FIG 3, with a gasket 7 sandwiched in between. 

As shown in the longitudinal sectional perspective view of FIG 11, ten fastening 
bolts 52 are screwed fi-om the cylinder head 8 into the bolt screw holes 26 in the main body 
cylinder block 4 via bolt through-holes 7a in the gasket 7 and the bolt through-holes 36 in 
the outer cylinder block 6. The outer cylinder block 6 is thereby secured in place while 
receiving pressure firom both the cylinder head 8 and the main body cylinder block 4. 
Accordingly, the main body cylinder block 4, the outer cylinder block 6, and the cylinder 
head 8 are able to be integrally as the engine main body 2, as shown in FIG 1. 

The effects achieved by the exemplary embodiment described above will 
hereinafter be described. 

(lA) The cylinder block 10 is such that the main body cylinder block 4 and the outer 
cylinder block 6 are molded separately. 

When the cylinder block 10, as shown in FIGS. 3, 4, and 10, is molded by casting 
as a single unit, as with conventional art, the portion of the die which forms the wato- 
jacket SO is long and extremely thin. When repeatedly used for casting, this portion tends 
to wear and become damaged, severely shortening the life of the die. 

In this exemplary embodiment of the invention, however, the cylinder block 10 is 
can be formed with the main body cylinder block 4 and the out^ cylinder block 6 molded 
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separately and arran; 



iged si 




sandwich the water jacket 50. Theri 



m 



when molding 



each block 4 and 6, in particularly, when molding the main body cylinder block 4 by 
casting, the portion of the die which molds the water jacket 50 does not need to be made 
thin. - That is, the die for the main body cylinder block 4 need only mold the inside surface 
of the water jacket 50 so the die itself can be of sufficient thickness irrespective of die 
actual width of the water jacket 50, thereby increasing the life of the die. 

Similarly, in this exemplary embodiment of the invention, the outer cylinder block 
6 is molded of resin or resin composite. However, in this case, durability of the die is not 
a problem. In particular, casting the outer cylinder block 6 with a metal such as an 
aluminum alloy or an magnesium is similar to casting the main body cylinder block 4. That 
is, the die need only mold the outside surface of the water jacket 50 so the die itself can be 
of sufiEicient thickness irrespective of the actual width of the water jacket 50, thereby 
increasing the life of the die. 



Moreover, the ends of the cylinders 12 of the main body cylinder block 4 bear the 



to the outer cylind^ block 6. As a result, the ends of the cylinders 12 need only bear the 
pressure firom the cylinder head 8 and therefore do not need to have a complex shape. 
Also, even if the walls of the cylinders 12 are thin, the bores themselves will not deform. 
Further, because the outer cylinder block 6 is molded as a cylinder block portion, it resists 
deformation from external force, which prevents deformation of the coolant passage of the 
water jacket 50 on the inside due to external force. 

As a result, the degree of freedom in design of the portion forming the water 
jacket 50 is increased. Accordingly, as described above, the water jacket 50 and the 
cylinders 12 can be made sufficiently thin, thus contributing a reduction in size and weight 
of the engine. : :^ ~ 

(IB) Providing the knock pins 28 and the positioning holes 38 enables the out^ 
cylinder block 6 to be correctly arranged on the main body cylinder block 4 by simply 
placing the out^ cylinder block 6 on the mounting surface 24 of the main body cylinder 
block 4. 

(IC) Because the outer cylinder block 6 is separated by the water jacket 50 from 
the main body cylindo* block 4 in which the cylinders 12 are formed, the outer cylinder 
block 6 does not need to be as durable as the main body cylinder block 4 with respect to 
heat or wear. Therefore, the outer cylinder block 6 is formed out of resin or resin 
composite, which enables a further reduction in weight and cost of the engine. 



pressure from the cylinder head 8 in the axial direction, but that pressure is also distributed 
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The outer cylinder block 6 is fixed in place while pressed between the mounting 
surface 24 of the main body cylinder block 4 and the cylinder head 8, but the fastening 
force is also distributed to the cylinders 12. As a result, even if the outer cylinder block 6 
is made of resin, it resists deformation and therefore is able to keep the water jacket 50 
water tight. 



(ID) As described above, the main body cylinder block 4 is cast separately from 



shape. Furthermore, the inner peripheral deck face 12b of the cylinders 12 need only fit 
tighfly against the bottom face of the cylinder head 8 via the gasket 7, and the cylinders 12 
are not of a con:^>lex shape but are instead of a simple cylindrical shape, thus further 
simplifying the inner portion of the die. . 

As a result, molten medal pours smoothly into the die during casting so cavities 
tend not to form in the cast, which improves the manufacturing yield rate and lowers 
manufacturing costs. Further, with the cast of the outer cylinder block 6 as well, because 
the outer cylinder block 6 is cast separately from the main body cylinder block 4, die inner 
portion of the die does not need to have a complex shape. As a result, molten medal 
pours smoothly into the die during casting so cavities tend not to form in the cast, which 
improves the manufacturing yield rate and lowers manufacturing costs. 

(IE) The cylinders 12 have a simple cylindrical shape and the inner peripheral 
deck face 12b receives pressure from the cylinder head 8 in the axial direction via the 
gasket 7 substantially evenly around the entire periphery. As a result, as opposed to the 
related art, the cylinders 12 tend not to receive uneven pressure from fastening or pressure 
fix>m die side which may deform the cylinders 12, or more particularly, which may deform 
the bores. Therefore, the bore shape can be precisely maintained and fiction and wear 
jBcom a piston ring is k^t fix>m increasing. Further, because diere is no decrease in air- 
tightness between the piston ring and the bore, the energy efficiency of the engine is able to 
be kept high- 

With the outer cylinder block 6 as well, the outer peripheral deck face 32 receives 
pressure from the cylinder head 8 in the axial direction via the gasket 7 substantially 
evenly around the entire periphery. As a result, the outer cylinder block 6 tends not to 
receive uneven pressure from fastening or pressure from the side which may deform the 
outer cylinder block 6 so water-tightness between the main body cylinder block 4 and the 
cylinder head 8 is able to be maintained. 



the outer cylinder block 6, so the inner portion of the die does not need to have a complex 



(IF) Because the main body cylinder block 4 is cast from an aluminum alloy or a 
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magnesium alloy, the weight of the engine is able to be reduced. Also, by casting the 
cylinder liner 22 into the main body cylinder block 4, not only is the durability of the 
cylinders 12 is able to be improved, but also a cylindCT liner 22 which is thin is able to be 
used, which contributes to a reduction in weight of the engine. 

(IG) The cylinders 12 provided with the cast main body cylinder block 4 as 
shown in FIG 2 are completely exposed, which facilitates various processing (such as 
thread machining and processing for inter-bore cooling) of the cylinders 12 from both the 
inner peripheral surface and the outer peripheral surface, processing of the cylinder liner 22 
from the inner peripheral surface and the outer peripheral surface, and processing around 
the cylinders 12. 

Moreover, various processing of the inner peripheral surface 30 of the outer 
cylinder block 6 is also facilitated. As a result, the molding of the coolant passage of the 
water jacket 50 is able to be done with an extremely high degree of freedom, it is easier to 
regulate the temperature around and between bor^, and the temperature distribution 
around and between bores can be optimized so as to control deformation of the bore due to 
fastening and heat generated during combustion and therefore obtain preferable engine 
performance. 

According to a second, exemplary embodiment of the invention, in a cylinder 
block 110, a main body cylinder block 104 is similar in shape to the main body cylinder 
block 4 in the first exen^lary embodiment of the invention, but an outer cylindrar block 
106 is formed higher than a cylinder 112, as shown in the perspective view of FIG 12. As 
a result, when the main body cylinder block 104 and the outer cylinder block 106 are fit 
together, an outer periphCTal deck face 132 is higher than an inner peripheral deck face 

-^112b, as_shovm.inJhejdrawing._,_-_,^..^ , ^. ^^^= ^ .^.^r^ 

A main body cylinder. head 108 is formed such.tfaat an.inner waU portion 108a on. 
the cylinder top portion side contacting the inner peripheral deck face 112b protrudes 
downward in a manner corresponding to the shape of the cylinder block 110, as shown in 
the fractured perspective view of FIG 13 (a section between two of the cylinders 112) and 
the longitudinal sectional view of FIG 14 (a section in the center of one of the cylinders 
112). As a result, by fastening the outer cylinder block 106 with fastening bolts 152, the 
main body cylinder head 108 is able to fit tightly against the inner peripheral deck face 
112b and the outer peripheral deck face 132 via a gasket 107 and make a water-tight seal. 

The gasket 107 is integrally molded with a step between the inner peripheral deck 
face 112b and the outer peripheral deck face 132. Alternatively, however, a separate 
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gasket may be provided for both the umer peripheral deck face 112b and the outer 
peripheral deck face 132. 

Also, the gasket 107 may be usedLonly at points of contact between the inner 
peripheral deck face 112b and the main body cylinder head 108, and the liquid sealing 
material described in the first exemplary embodiment of the invention may be used to seal 
the points of contact between the outer peripheral deck face 132 and the main body 
cylinder head 108. 

This outer cylinder block 106 also serves as an outer wall of a water jacket 150a 
on the cylinder block 110 side and an outer, wall of a water jacket 150b on the main body 
cylinder head 108 side. 

The mounting position of, and sealing between, the outer cylinder block 106 and 
the main body cylinder block 104 are similar to those of the outer cylinder block 6 and the 
main body cylinder block 4 described in the first exemplary embodiment of the invention. 

The effects achieved by the second exemplary embodiment described above will 
hereinafter be described. 

(2A) Effects equivalent to the effects described in (lA) to (IG) in the first exemplary 
embodiment of the invention, as well as the effects with respect to the relationship between 
the main body cylinder head 108 and the outer cylinder block 106, are able to be achieved. 

These effects are able to be achieved on both the main body cylinder block 104 
side and the main body cylinder head 108 side with only one outer cylinder block 106, so 
the number of engine parts does not increase. 

According to a third exemplary embodiment of the invention, the cylinder head is 
molded in two parts, one being a main body cylinder head 208 and the other being an outer 
cylinder head 206, as illustrated in the longitudinal sectional view of FIG 15, which differs 
from the first exemplary embodiment of the invention. An entire cylinder block 210 is 
shown which is integrally molded, but it may also be molded in two parts, one being a 
main body cylinder block and the other an outer cylindo: block, as in the first exenaplary 
embodiment of the invention. 

The relationship between the main body cylinder head 208 and the outer cylinder 
head 206 is similar to the relationship between the main body cylinder block 4 and the 
outCT cylinder block 6 in the first exemplary embodiment of the invention. That is, the 
position of the outer cylinder head 206 on a mounting surface 224 of the main body 
cylinder head 208 is determined by knock pins and positioning holes. Also, the outer 
cylinder head 206 is fastened under pressure by passing fastening bolts from the main body 
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cylinder head 208 side through bolt through-holes formed in the outo- cylinder head 206 to 



The effects achieved by the third exemplary embodiment described above will 
honeinafter be described. 

(3A) With the exception of the effects regarding the bore shape, effects equivalent to the 
effects described in (lA) to (IG) in the first exemplary embodiment of the invention, as 
well as effects with respect to the relationship of the main body cylinder head 208 and the 
outer cylinder head 206 are able to be achieved. 

According to a fourth exemplary embodiment of the invention, a cylinder block 
310 is constructed from a main body cylinder block 304 and an outer cylinder block 306, 
as described in the first exemplary embodiment of the invention and illustrated in the 
longitudinal sectional view of FIQ 16. In contrast to the first exemplary embodiment of 
the invention, however, a cylinder liner is not cast into a cylinder 312 of the main body 
cylinder block 304. Ratho*, the inner peripheral surface of the cylinder 312 is made of an 
aluminum alloy or an magnesium alloy and forms the bore. This bore portion is then 
surface treated by spray coating so as to make it wear resistant. The construction aside 
from this is the same as described in the first exemplary embodiment of the invention. , 

The effects achieved by the fourth exemplary embodiment described above will 
hereinafter be described. . 

(4A) The saine effects as the effects described in (lA) to (IG) in the first exemplary 
embodiment of the invention are achieved. In particular, with the foiuth exemplary 
embodiment defects from cavities in the inner peripheral surface of the cylinder 312 tend 
not to occur due to the fact that cavities tend not to form in the cast, as described in (ID) in 
,_the _ first exem plai^ embodiment -Of^ tfae, invention .., ,_Therefor e„ even ,with-the-.su rface 
treadnent such as sjMray coating, a sufficiently, smpofe s]^ the 
bore so the yield rate increases, which in turn suppresses manufacturing costs. 

(4B) Because the cylinder liner does not need to be cast into the bore portion of 
the main body cylind^ block, the overall weight of the engine is able to be reduced. 



(a) In each of the exemplary embodimentSj a tapered surface 434a may be 
provided on a bottom surface 434 of an outer cylinder block 406, as shown in FIG 17 A, 
when sealing between the outer cylinder block and the main body cylinder block with 
liquid sealing material. As a result, when the liquid sealing material 435 is applied to one 
or both of the moimting surface 424 of the main body cylinder block 404 and the bottom 



the cylinder block 210 side. 



Modified embodiments will now be described. 



19 




030155-PCT 



surface 434 of the outer cylinder block 406, and when those surfaces 424 and 434 are 



in FIG 17B. Accordingly, an effect is obtained in which the seal durability in a water 
jacket 450 is improved. 

(b) In each of the exemplary embodiments, the outer cylinder block is made of 
one material selected from the group of a resin, a resin composite, an aluminum alloy, a 
magnesium alloy, and a ceramic. Alternatively, the outer cylinder block may also be 
made of a composite in which two or more of these materials are combined. For example, 
an aluminum alloy layer, a magnesium alloy layer, or a ceramic layer may be formed on 
the outer peripheral surface of an outer cylinder block made of resin so as to improve 
resistance against wear and scratches caused by friction from the outside. 

(c) In the foregoing exenq)lary embodiments, the outer cylinder block or the outer 
cylinder head is positioned with respect to the main body cylinder block or the main body 
cylinder head by fitting two knock pins into two corresponding positioning holes. The 
number of holes, however, need not be limited to two, i.e., there may be more than two. 
Further, a positioning portion othor than the combination of the knock pins and positioning 
holes may be provided. For example, the outer cylinder block or the outer cylinder head 
may be positioned with respect to the main body cylind^ block or the main body cylinder 
head by matching a concave-convex shape on the bottom surface of the outer cylinder 
block or the out^ cylinder head to a corresponding concave-convex shape on the mounting 
surface of the main body cyUndCT block or the main body cylinder head. 

(d) In the foregoing exemplary embodiments, the bottom surfaces of the outer 
cylinder block and the outer cylinder head, as well as the moimting surfaces corresponding 
to these, have surfaces p«pendicular to the axial direction of the cylinder. Alternatively, 
however, the bottom surfaces of the outer cylinder block and the outer cylinder head, as 
well as the mounting surfaces corresponding to these, do not have to have surfaces 
perpendicular to the axial direction of the cylinder. For example, a mounting surface 524 
of a main body cylindCT block (or main body cylinder head) 504 may be molded in a cross- 
sectional triangular projection shape, as shown in FIG 18A, and a bottom surface 534 of an 
outer cylinder block (or outer cylinder head) 506 may be molded in a corresponding cross- 
sectional triangular groove shape. This construction also enables the outer cylinder block 
(or outer cylinder head) 506 to be positioned with respect to the main body cylinder block 
(or main body cylinder head) 504 by fitting the mounting surface 524 and bottom surface 
534 together, as shown in FIG 18B. Alternatively, the mounting surface 534 may be 



abutted together the liquid sealing material 435 is able retain sufficient thickness, as shown 
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molded in the groove shape and the bottom surface 534 may be molded in the projection 
shape. 

(e) In the foregoing exemplary embodiments, liquid sealing material or welding is 
used to seal between the mounting surface of the main body cylinder block or main body 
cylinder head, and the bottom surface of the outer cylinder block or outer cylinder head. 
Alternatively, however, a gasket may be used in place of the liquid sealing material or 
welding. 

(f) In the foregoing exemplary embodiments, the upper end portion of the main 
body cylinder block or main body cylinder head is separated from the upper end portion of 
the outer cylinder block or outer cylinder head, and the water jacket has an open deck prior 
to assembly of the engine main body. Alternatively, the water jacket may have a closed 
deck. For example, a projection 606a which projects toward a cylinder 612 side may be 
provided around the entire periphery on the end of an out^ cylinder block 606 such that 
when a cylinder block 610 is assembled by mounting the outea- cylinder block 606 on a 
main body cylinder block 604, the top end of a water jacket 650 is sealed off, as shown in 
FIG. 19. The same construction can also be used for the outer cylinder head and the main 
body cylinder head. Also, the entire periphay along the top end of the water jacket 650 
does not have to be entirely closed off, i.e., part of the periphery along the top end may be 
open. 

(g) A bore without a cylinder liner, but to which surface treatment has been 
^plied, as described in the fourth exemplary embodiment of the invention may also be 
applied to the cylinder described in either the second or third exemplary embodiments. 
Also, the cylinder may be of cast iron without a cylinder liner. 
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r;T.AIMS: 

1 . A cylinder block in which a water jacket (50; 450) is formed around a cylinder 
(12; 412), and which, combined with a separate cylinder head (8), forms an engine main 
body (2), the cylinder block characterized by comprising: 

a main body cylinder block (4; 404) which has a mounting surface (24; 424) and 
which defines a cylinder (12; 412) side of the water jacket (50; 450), and 

£in outer cylinder block (6; 406) which is molded separately from the main body 
cylinder block (4; 404) as a cylinder block portion which defines a side of the water jacket 
(50; 450) opposite the cylinder (4; 412) side, the outer cylinder block (6; 406) being 
arranged in a predetermined position so as to be on the mounting surface (24; 424) of the 
main body cylinder block (4; 404) so as to define, together with the main body cylinder 
block (4; 404), the wato* jacket (50; 450), the outer cylinder block (6; 406) to be fixed in 
place while pressed between the cylinder head (8) and the main body cylinder block (4; 
404) while arranged in the predetermined position. 

2. The cylinder block according to claim 1, characterized in that a positioning 
portion (28) for determining a mounting position of the outer cylinder block (6; 406) with 
respect to the main body cylinder block (4; 404) is formed on at least one of the main body 
cylinder block (4; 404) and the outer cylinder block (6; 406). 

3. The cylinder block according to claim 1 or claim 2, characterized in that the 
outer cylinder block (6; 406) is formed of a resin or a resin composite. 

4. The cylinder block according to claim 1 or claim 2, characterized in that the 
outer cylinder block (6; 406) is formed of one or two or more materials selected from the 
group consisting of an aluminum alloy, a magnesium alloy, a resin, a resin composite, and 
a ceramic. 

5. The cylinder block according to any one of claims 1 to 4, characterized in that 
flie main body cylinder block (4; 404) is molded by casting using an almninum alloy or a 
magnesium alloy. 



6. The cylinder block according to claim 5, characterized in that the main body 
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cylinder block (4; 404) has a cylinder liner (22; 422) cast into a bore portion of the noain 
body cylinder block (4; 404). 

7. The cylinder block according to claim S, characterized in that a bore portion of 
5 the main body cylinder block (4; 404) is surface treated so as to be wear-resistant. 

8. A cylinder head in which a water jacket is formed around a cylinder top portion, 
and which, combined with a separate cylinder block (210), forms an engine main body, the 
cylinder head characterized by comprising: 

10 a main body cylinder head (208) which has a moimting surface and which 

defines a cylinder top portion side of the water jacket, and 

an outer cylinder head (206) which is molded separately from the main body 
cylinder head (208) as a cylinder head portion which defines a side of the water jacket 
opposite the cylinder side, the outer cylinder head being arranged in a predetermined 

15 position so as to be on the mounting surface (224) of the main body cylinder head (208) so 
as to define, together with the main body cylinder head (208), the water jacket, the outer 
cylinder head (206) to be fixed in place while pressed between the cylinder block (210) 
and the main body cylinder head (208) while arranged in the predet^mined position. 

20 9. The cylinder head according to claim 8, characterized in that a positioning 

portion for determining a mounting position of the outer cylinder head (206) with respect 
to the main body cylind^ head (208) is formed on at least one of the main body cylinder 
head (208) and the outea: cylinder head (206). 



25 ... 10. The cylinder head according to.claim 8_pr claim 9, characterized in that the outer 
cylinder- head (206) is formed of a resin or a resin conq>osite. 

11. The cylinder head according to claim 8 or claim 9, characterized in that the outer 
cylinder head (206) is formed of one or two or more mat^als selected from the group 
30 consisting of an aluminum alloy, a magnesium alloy, a resin, a resin composite, and a 
ceramic. 



12. The cylinder head according to any one of claims 8 to 11, characterized in that 
the main body cylinder head (208) is molded by casting using an aluminum alloy or a 
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magnesium alloy. 

b 13. An engine main body which includes a cylindCT block (1 10) in which a water 
jacket (150a, 150b) is formed around a cylinder (112), and a cylinder head in which the 



characterized by comprising: 

a main body cylinder block (104) which has a mounting surface and. which 
defines a cylinder side of the water jacket (150a, 150b); 

a main body cylinder head (108) which has a moimting surface and which forms 
a cylinder top portion side of the water jacket (150a, 150b); and 

an outer cylinder block (106) which is molded separately from the main body 
cylinder block (104) and the main body cylinder head (108) as a cylinder block portion 
which defines a side of the water jacket (150a, 150b) opposite the cylinder (112) side and 
the cylinder top portion side, the outer cylinder block (106) being arranged in a 
predetermined position so as to be between the moimting surface of the main body cylinder 
block (104) and the mounting surface of the main body cylinder head (108) so as to define, 
together with the main body cylinder block (104) and the main body cylindCT head (108), 
the water jacket (150a, 150b), the outer cylind^ block (106) being fixed in place while 
' pressed between the main body cylinder block (104) and &e main body cylind^ head 
(108) while arranged in the predetermined position. 

'? 14. The engine noain body according to claim 13, characterized in that a positioning 
portion for determining a mounting position of the outer cylinder block (106) with respect 
to the main body cylind^ block (104) is formed on at least one of the main body cylinder 
block (104) and the outer cylinder block (106). 

^ 15. The engine main body according to claim 13 or claim 14, characterized in that 
the outer cylinder block (106) is formed of a resin or a resin composite. ' 

] 16. The engine main body according to claim 13 or claim 14, characterized in that 
the outer cylinder block (106) is formed of one or two or more materials selected from the 
group consisting of an aluminum alloy, a magnesium alloy, a resin, a resin composite, and 
a ceramic. 



water jacket (150a, 150b) is formed around a cylinder top portion, the engine main body 
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/" 17. The engine main body according to any one of claims 13 to 16, characterized in 

that the main body cylinder block (104) is molded by casting using an aluminum alloy or a 
magnesium alloy. 

5 // 18. The engine main body according to claim 17, characterized in that the main body 
cylinder block (104) has a cylinder liner cast into a bore portion of the main body cylinder 
block (104). 

/ ^ 19. The engine main body according to claim 17, characterized in that a bore portion 
10 of the main body cylinder block (104) is surface treated so as to be wear-resistant. 

* 20. The engine main body according to any one of claims 13 to 19, characterized in 

that the main body cylinder head (108) is molded by casting using an aluminum alloy or a 
magnesium alloy. 



15 



21. The engine main body according to any one of claims 13 to 20, characterized in 
that the outer cylinder block (106) is fixed between the main body cylinder block (104) and 
the main body cylinder head (108) with a fastening bolt (152). . 



20 22. An engine main body characterized by comprising the cyUpd^^iock according 

to any one of claims 1 to 7 and a cylind^ head, the outer cylindi^^lock (406) being fixed 
between the main body cylinder blockX404)ran3 th^.jcylmd&r~^head with a fastening bolt. 






/ ^/ J .- - '. 23.'The ennnerfiaain body according:1to any one.of<;laims 13. to 22, characterized in 
25 that sealing-ix^erial (435) or welding is^issd^erSeal between the main body cylinder block 
(404)^^01^ the outer cylinder block (406) . 



* 24. An engine main body charact^ized by comprising the cylind^ head according to 

any one of claims 8 to 12 and a cylinder block, the outer cylinder head (206) being fixed 
30 between the cylinder block and the main body cylind^ head (208) with a fastening bolt. 



25. The engine main body according to claim 24, characterized in that sealing 
material or welding is used to seal between the main body cylinder head (208) and the 
outer cylinder head (206). 
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26. An engine main body which includes a cylinder block (210) in which a water 
jacket is formed around a cylinder, and a cylinder head in which the water jacket is formed 
around a cylinder top portion, the engine main body characterized by comprising: 
5 the cylinder block (210) which has a mounting surface and which defines a 

cylinder side of the water jacket; 

a main body cylinder head (208) which has a mounting surface (224) and which 
defines the cylinder top portion side of the water jacket; and 

an outer cylinder head (206) which is molded separately fi-om the main body 
10 cylinder head (208) as a cylinder head portion which defines a side of the water jacket 
opposite the cylinder side, the outer cylinder head (206) being arranged in a predetermined 
position so as to be on the mounting surface of the main body cylinder head (208) so as to 
define, together with the cylinder block (210) and the main body cylindra: head (208), the 
water jacket, the outer cylinder head (206) being fixed in place while pressed between the 
15 cylinder block and the main body cylinder head (208) while arranged in the predetermined 
position. 
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A cylinder block (10) is such that a main body cylinder block (4; 404) and an 
outer cylinder block (6; 406) are molded separately. As a result, the portion of the die 
5 which is used to mold a water jacket (50; 450) does not need to be made thin, thereby 
increasing the life of the die. Further, cylinders (12; 412) are of a simple shape and the 
pressure in the axial direction of the cylinder (12; 412) is able to be dispersed substantially 
evenly between the cylinders (12; 412) and the outer cylinder block (6; 406), thus enabling 
the cylinders (12; 412) to be thin. Accordingly, there is an increased degree of freedom in 
10 design of the portion which forms the water jacket (50; 450). The water jacket (50; 450) 
and the cylinders (12; 412) can therefore both be made sufficiently thin, thereby 
contributing to a decrease in both the size and weight of the engine. 

[Selected drawing] FIG 10 
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